Diabetes mellitus (DM) remains one of the oldest diseases and the most common metabolic disorder in many populations of the world.[@b1-asm-4-283]--[@b3-asm-4-283] Type 2 diabetes, characterized by target-tissue resistance to insulin, is strongly associated with obesity. Although the association of obesity with type 2 DM has been recognized for decades, it is not yet completely understood how insulin resistance is associated with increased adiposity. White adipose tissue are known to produce a variety of bioactive peptides, collectively termed adipocytokines, which are considered an important link between obesity and insulin resistance.[@b4-asm-4-283] A number of metabolic effects have been demonstrated for some adipocytokines, such as leptin, tumor necrosis factor-α and adiponectin, making these molecules candidates in a link between obesity and insulin resistance.[@b5-asm-4-283] Resistin is an adipocyte-secreted polypeptide with a molecular weight of 12.5 kDa. It is one of a family of three proteins, known as resistin-like molecules (RELMs), which have a conserved pattern of 11 cysteine residues at the C-terminal end of the structure.[@b6-asm-4-283] The resistin gene of the mouse has been localized on chromosome 8 whereas its human homologue has been mapped to chromosome 19p13.3.[@b6-asm-4-283] In the human, the role of resistin in the pathophysiology of obesity and insulin resistance is controversial. Although some studies have shown a positive correlation with body fat mass,[@b7-asm-4-283]--[@b9-asm-4-283] and indeed insulin resistance,[@b5-asm-4-283] others have found no relationship with body mass index (BMI), or insulin sensitivity.[@b10-asm-4-283],[@b11-asm-4-283] Resistin is expressed in pre-adipocytes in addition to adipocytes, which may contribute to the elevation of resistin content in the adipose tissue of obese humans.[@b10-asm-4-283],[@b12-asm-4-283]

To evaluate a possible role of the newly-identified hormone, resistin, in the development of insulin resistance, we examined the association of serum resistin levels, adiposity, and a measure of insulin action in Saudi women, a population with marked obesity and insulin resistance.[@b13-asm-4-283],[@b14-asm-4-283],[@b15-asm-4-283] The aim of this study was to determine the level of resistin in lean and overweight and obese (OW/OB) non-diabetic and diabetic Saudi women, and to assess the relationship between serum resisin and insulin sensitivity and fat distribution in Saudi women with type 2 diabetes. To our knowledge this study is the first to examine resistin levels and their relationship to physical and metabolic variables in Saudi subjects.

Subjects and Methods
====================

Eighty-nine Saudi female volunteers, consisting of 45 healthy subjects (24 lean and 21 overweight or obese) and 44 type 2 diabetic patients, aged between 45 and 65 years, were included in this study. Physical data for each volunteer, including weight, height, waist and hip circumferences were recorded. Non-diabetic volunteers were judged to be in good health according to their medical history and their fasting blood glucose (\<100 mg/dL). Type 2 diabetic patients taking insulin were excluded from this study

Blood glucose was measured using the *One Touch System* (Johnson & Johnson, USA). Serum resistin concentration (ng/mL) was evaluated in duplicate using the resistin enzyme immunoassay (ELISA) kit (Phoenix Pharmaceuticals, Inc. USA). The measuring range was 0--500 ng/mL with minimum detectable concentration=0.79 ng/mL. Insulin was determined using the DRG insulin ELISA kit (DRG International, Germany). The degree of insulin resistance was measured using the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) as described by Matthews and coworkers. Homeostasis model assessment of insulin resistance (HOMA-IR), a reliable marker for insulin resistance, was calculated as fasting insulin X glucose level/22.5.[@b16-asm-4-283]

Statistical analysis of the data was performed using the Statistical Package for Social Science (SPSS for Windows, version 10, 1999, SPSS Inc., Chicago, IL) program. All data were expressed as the mean and standard deviation. Comparison of variables between groups was made by one-way analysis of variance (ANOVA). The least significant difference (LSD) test was used to compare the means for pairs of groups. Correlation coefficients (r) for pairs of variables were determined by Pearson's method to test the strength of association between any two variables. The findings from the bivariate correlation analysis were further explored using stepwise multiple linear regression analysis with resistin concentration as the dependent variable. Differences were considered statistically significant at *P*\<0.05 and highly significant at *P*\<0.01.

Results
=======

Of the 89 volunteers, there were 24 lean non-diabetic, 21 OW/OB non-diabetic, and 44 diabetic Saudi women ([Table 1](#t1-asm-4-283){ref-type="table"}). Ages ranged between 45 and 65 years and BMI ranged between 20--40 kg/m^2^. By definition, overweight and obese subjects had a higher body mass index (BMI 25--29.9 kg/m^2^ for OW and ≥30 kg/m^2^ for OB). Lean subjects, compared to OW/OB non-diabetic subjects, tended to have a significantly lower BMI and weight, and smaller hip and waist measurements and waist-hip ratio (WHR). Diabetic women had significantly higher waist (*P*\<0.001) and hip (*P*\<0.001) measurements and WHR (*P*\<0.001) than the non-diabetic subjects. Fasting glucose and insulin resistance, as assessed using the homeostasis model of insulin resistance ratio (HOMA-R), were similar in lean and OW/OB subjects, but significantly higher (*P*\<0.001) in diabetic compared with non-diabetic women.

Fasting serum resistin was highly significantly (*P*\<0.001) different among the three groups ([Table 1](#t1-asm-4-283){ref-type="table"}). Mean serum resistin concentrations increased from lean (11.59±2.08 ng/mL) to OW/OB non-diabetic (16.29±2.29 ng/mL) to diabetic (19.42±3.60 ng/mL) women. Fasting resistin concentrations were not correlated with age in either the lean, OW/OB non-diabetic or diabetic subjects. Resistin concentrations were not correlated with BMI in lean subjects whereas there was a highly significant positive correlation between resistin and BMI in OW/OB non-diabetic (r=0.49, *P*=0.002) and diabetic women (r=0.63, *P*=0.0001). Furthermore, resistin correlated significantly and positively with hip circumferences (r=0.39, *P*=0.039), weight (r=0.51, *P*=0.005), insulin (r=0.40, *P*=0.033), HOMA-R (r=0.49, *P*=0.007) and glucose (r=0.39, *P*=0.038) in diabetic women. In OW/OB non-diabetic subjects, resistin correlated with insulin (r=0.59, *P*=0.015) and HOMA-R (r=0.616, *P*=0.011). No correlation was observed between resistin and either glucose, height, hip, waist, weight, and WHR among the OW/OB non-diabetic and lean groups. In the stepwise multiple linear regression analysis with resistin concentration as the dependent variable, the HOMA-R (β=0.61, *P*=0.011) in OW/OB non-diabetic individuals and BMI (β=0.57, *P*=0.001) and HOMA-R (β=0.39, *P*=0.01) in diabetic women were significant independent predictors for serum resistin levels.

Discussion
==========

We report resistin levels in non-diabetic and diabetic Saudi women for the first time. Unfortunately, there is little information about resistin blood levels in patients with type 2 diabetes. Most studies of human resistin as well as rodent resistin thus far are genetic studies analyzing the association of the human resistin locus with diabetes or obesity, and expression studies measuring resistin mRNA levels in these states. Our results showed that circulating levels of resistin were significantly different among lean, non-diabetic OW/OB and diabetic women. Diabetic individuals had the highest resistin concentrations and were characterized by higher waist and hip circumferences than the other two groups. This result identified increased central obesity as a predictive factor for increased resistin concentrations in this population. Several recent studies described findings similar to our results, where significantly higher levels of serum resistin were found in healthy OW/OB subjects than in lean volunteers.[@b12-asm-4-283],[@b17-asm-4-283],[@b18-asm-4-283] More recently, Youn and his team developed an ELISA for human resistin and measured its plasma concentrations in aged subjects (60--75 years, 199 type 2 diabetic patients and 185 control subjects). Their results indicated a significant increase in resistin level in diabetic patients compared with control subjects.[@b19-asm-4-283] In a further study, serum resistin levels were compared between 74 healthy controls and 90 type 2 diabetic patients and similar results were observed.[@b20-asm-4-283] The mean concentration of resistin in sera from patients and healthy subjects were nearly similar to our results (mean resistin in diabetics, 20.8±0.7 ng/mL vs. healthy subjects, 14.9±0.5 ng/mL). Conversely, another study reported no differences in resistin levels between healthy controls and patients with type 2 diabetes.[@b21-asm-4-283] Also, Silha et al. examined plasma levels of resistin in 17 lean subjects (mean BMI, 23 kg/m^2^) and 34 obese subjects (mean BMI, 33 kg/m^2^) and found no significant difference in resistin levels between the two groups, but resistin was significantly higher in women compared with men.[@b5-asm-4-283] A very recent study checked serum resistin in 38 non-obese subjects (age, 23±4 years; BMI, 25.4±4.3 kg/m^2^), 12 obese non-diabetic subjects (age, 54±8 years; BMI, 33.0±2.5 kg/m^2^), and 22 obese subjects with type 2 diabetes (age, 59±7 years; BMI, 34.0±2.4 kg/m^2^) and found no differences in resistin concentrations among the three groups.[@b22-asm-4-283] These conflicting data may reflect the lack of adjustment for potential confounding factors, i.e. age and body fat distribution.

The present study also contributed further knowledge of the relationship between resistin levels and obesity-related parameters. The data showed no correlation with resistin in lean subjects, a highly significant correlation with BMI in OW/OB subjects and a highly significant correlation with BMI, WHR, weight, and waist and hip circumferences among diabetic women. These results confirm that an elevated level of resistin is due to release of this protein in obese states, which are characterized by greater waist and hip circumferences. Our findings are similar to the positive relationship between resistin and BMI in other studies in healthy volunteers[@b9-asm-4-283],[@b17-asm-4-283] and diabetic subjects.[@b20-asm-4-283] In contrast to our results, no correlation has been previously observed between resistin levels and BMI in diabetic patients or healthy volunteers.[@b5-asm-4-283],[@b21-asm-4-283],[@b23-asm-4-283]

Regarding the relationship between insulin level, insulin resistance and resistin, we showed that in Saudi women, resistin levels among OW/OB and diabetic subjects were significantly and positively correlated with insulin levels and insulin resistance as assessed by HOMA-IR. Thus, our data add to a growing body of evidence indicating that in humans there is a direct relationship between circulating levels of resistin and insulin. Similar to our results, Zhang et al.[@b23-asm-4-283] reported a positive correlation between serum resistin levels and insulin resistance in 71 non-diabetic subjects (33 men and 38 women). In contrast, some studies failed to show any involvement of resistin in the etiology of insulin resistance either in rodents[@b24-asm-4-283],[@b25-asm-4-283] or humans.[@b11-asm-4-283],[@b26-asm-4-283] In two other studies, resistin was not associated with insulin resistance in 30 normal weight patients with renal disease[@b27-asm-4-283] or in 18 obese subjects with acromegaly.[@b28-asm-4-283] Conflicting data on the relationship between resistin, insulin level and insulin resistance are not understood.

Another interesting observation is the increase in insulin resistance scores in diabetic subjects compared with lean and OW/OB subjects. In diabetic women, the prevalence of insulin resistance (HOMA-R ≥3.8) was 43%. The key question is whether resistin is a factor that influences insulin resistance. Our data show that diabetic women have insulin resistance and increased serum levels of resistin and glucose. Obese non-diabetic women did not have a high score for insulin resistance. This suggests that resistin may induce insulin resistance when resistin reaches a certain level, giving rise to the high scores of insulin resistance seen in diabetic women. Alternatively, it is also possible that factors other than an increased resistin level contribute to the high insulin resistance scores in diabetic subjects.

In conclusion, we showed that in a group of healthy and diabetic Saudi females, there was a higher concentration of serum resistin in diabetic women than in healthy women. Additionally, in this study resistin was correlated with diabetes-linked risk factors, obesity and insulin resistance. Therefore, the results of this study support the suggested role of resistin in obesity-related insulin resistance. This suggests that measuring resistin levels could help diagnose people at risk for type 2 diabetes. Lowering the levels of the hormone or blocking its action could constitute a new treatment for type 2 diabetes. Therefore, we recommend that further studies be carried out on a large number of volunteers using a more accurate method to assess insulin sensitivity to clarify the role of resistin in diabetes mellitus and its associated parameters, particularly in humans.

###### 

Comparison of physical and metabolic characteristics of study subjects (Values are mean±SD).

  Variables                   Lean (n=24)   OW/OB (non-diabetic) (n=21)   Diabetic (n=44)   P value
  --------------------------- ------------- ----------------------------- ----------------- --------------------------------------------------------------------------------------------------------------------------------------
  Age (years)                 43.08±8.64    52.62±7.27                    54.29±7.63        \<0.01[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"}
  Body mass index (kg/m^2^)   23.33±1.24    30.71±3.42                    31.82±4.35        \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"}
  Height (cm)                 158.56±4.25   155.63±6.26                   156.61±6.41       NS
  Hip (cm)                    95.33±4.18    110.25±9.38                   121.00±10.54      \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  Waist (cm)                  74.22±2.44    91.25±7.08                    114.68±6.94       \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  Weight (kg)                 58.67±4.27    74.19±12.92                   78.54±14.70       \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"}
  Waist hip ratio             0.78±0.03     0.83±0.04                     0.95±0.05         \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  Glucose (mmol/L)            3.78±0.56     3.75±0.39                     8.74±4.04         \<0.001[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  HOMA-R (μU/mL·mmol/L)       1.18±0.53     1.76±0.93                     5.38±6.63         \<0.01[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  Insulin (μU/mL)             6.90±2.60     10.39±5.18                    11.96±5.15        \<0.01[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}
  Resistin (ng/mL)            11.59±2.08    16.29±2.29                    19.42±3.60        \<0.001[a](#tfn1-asm-4-283){ref-type="table-fn"},[b](#tfn2-asm-4-283){ref-type="table-fn"},[c](#tfn3-asm-4-283){ref-type="table-fn"}

lean vs. OW/OB,

lean vs. diabetic,

OW/OB vs. diabetic (ANOVA followed by LSD test).

NS: non-significant.
